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Electrical current applied to the gel etchant increases the etch rate and 
reduces gaseous reaction products. Polarization by deposit of insoluble 
reaction products on the anodic workpiece limits the reaction. Electro- 
chemical etching improves definition and finish on plate stock but the 
etch rate is still low, On honeycomb, the electrochemical etch rate is 
10-25 times the rate of chemical action alone, Tolerance and finish are 
improved by etching in a dielectric liquid environment, Porous solids 
carrying liquid etchants proved unsatisfactory. 


Acid loss by syneresis presently requires a gel aging period of four to 
ten days in closed containers before an accurate and smooth etch can be 
achieved, 


In electrolytic chemical etching, polarization of the anodic workpiece 
was caused usually by deposit of insoluble reaction products, and in 
some cases deposit of soluble salts which left no visible film. Inter- 
mittent direct current, superimposed AC, and ultrasonic vibration failed 
to prevent this. The gel etchant was replenished with liquid etchant by 
positive flow and by partial immersion. Removal of reaction products 
improved, but a steady state process could not be maintained, 


On plate stock, the electrochemical method failed to improve the rate 
and magnitude of etch with a single gel. Further study of mass diffusion 
through gels will be required to overcome the problem of removing 
reaction products, 


The greatly improved etch rate of the electrochemical method on honey- 
comb, compares favorably with the rate of conventional liquid chemical 
milling for the same material. This is attributable to a proportionately 
greater volume of gel to absorb and disperse reaction products. The 
improvements noted after etching in a dielectric Mquid were due to 

(1) control of acid evaporation losses and gel warpage, (2) prevention of 
acid vapor attack on exposed cell walls, (3) heat transfer through the 
liquid, and (4) better dispersal of reaction products. 


il 


paren ae 


ASD TR 7-648 (III) ASD INTERIM REPORT 7-648 (III) 


January 1963 


CHEMICAL COMPOUNDS FOR METAL SHAPING 


J, L. Jamieson 
E. G, Partridge 
et al. 


DOUGLAS AIRCRAFT COMPANY, INC, 
(Aircraft Division) 
Contract: AF33(600) -43027 
ASD Project: 7-648 


Interim Technical Progress Report 
1 July 1962 - 31 December 1962 


Electrical current applied to the gel etchant increases the etch rate 
and reduces gaseous reaction products. Polarization by deposit of in- 
soluble reaction products on the anodic workpiece limits the reaction. 
Electrochemical etching improves definition and finish on plate stock 
but the etch rate is still low. On honeycomb, the electrochemical etch 
rate is 10-25 times the rate of chemical action alone, Tolerance and 
finish are improved hy etching in a dielectric liquid environment. 
Porous solids carrying liquid etchants proved unsatisfactory. 


BASIC INDUSTRY BRANCH 
MANUFACTURING TECHNOLOGY LABORATORY 


ASC Aeronautical Systems Division 
United States Air Force 
Wright-Patterson Air Force Base, Ohio 


ili 


NOTICES 


When Government drawings, specifications or other data are 
used for any purpose other than in connection with a definitely 
related Government procurement operation, the United States 
Government thereby incurs no responsibility or any obligation 
whatsoever, and the fact that the Government may have formu- 
lated, furnished, or in any way supplied the said drawings, 
specifications, or other data, is not to be regarded by impli- 
cation or otherwise as in any manner licensing the holder or 
any other person or corporation, or conveying any rights or 
permission to manufacture, use or sell any patented invention 
that may in any way be related thereto, 


Qualified requesters may obtain copies of this report from ASTIA 
Document Service Center, Arlington Hall Station, Arlington 12, 
Virginia. 


Copies of ASD Technical Reports should not be returned to the ASC 
Aeronautical Systems Division unless return is required by security 
considerations, contractual obligations, or notice on a specific 
document, 


iv 


FOREWORD 


This Interim Technical Progress Report covers the work performed under 
contract AF33(600)-43027 from 1 July 1962 to 31 December 1962, It is 
published for technical information only and does not necessarily represent 
the recommendations, conclusions, or approval of the Air Force. 


This contract with Douglas Aircraft Company, Inc., Long Beach, Callfornia 
was initiated under ASD Manufacturing Technology Laboratory Project 7-648, 
"Chemical Compounds for Metal Shaping". It is administered under the 
direction of Mr, Elmer S, Smith of the Basic Industry Branch (ASRCTF), 
Manufacturing Technology Laboratory, ASC Aeronautical Systems Division, 
Wright-Patterson Air Force Base, Ohio. 


Mr. J. L. Jamieson, Tool Engineer assigned to the Douglas Company's 
Tooling Research and Development Group (Aircraft Division) is the project 
engineer, Mr. W. H. Hyter, Research Chemical Engineer assigned to the 
Materials and Process Engineering Department serves as consultant, The 
chemical development portion of this project is being performed by the 
Chemical Engineering Department of the University of Southern California 
under sub-contract to the Douglas Aircraft Company, Mr. L. A. Holmes, 
Mr. D. R, Larson, and Mr. G. M, Mallan, of the university research staff 
are conducting the chemical research and development under the direction 
of Dr, F. J, Lockhart, head of the Department of Chemical Engineering, 
with faculty members Dr, J, R, Cady and Dr, E, G, Partridge serving as 
consultants, 


The primary objective of the Air Force Manufacturing Methods Program is 

to increase producibility, and improve the quality and efficiency of fabrication 
of aircraft, missiles, and components thereof. This report is being dissemi- 
nated in order that methods and/or equipment developed may be used through- 
out industry, thereby reducing costs and giving 'MORE AIR FORCE PER 
DOLLAR", 


Your comments are solicited on the potential utilization of the information 
contained herein as applied to your present or future production programs. 
Suggestions concerning additional Manufacturing Methods development re- 
quired on this or other subjects will be appreciated. 


PUBLICATION REVIEW 


Approved: CR , 2 f y 
R. J. gle Tool Project Engineer 


Tooling Research and Development 
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A, K, Beer 
Chief Tool Project Engineer 
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INTRODUCTION 


The first Interim Technical Progress Report, ASD TR 7-648 (I), pub- 
lished in January, 1962,discussed the advantages of developing solid 

or semi-solid etchants to supplement the conventional liquid chemical 
milling process. This report also discussed the necessity of expanding 
chemical milling applications and developing etchants for alloy steels 
and refractory metals, In the initial research phase, several gel etch- 
ant systems were prepared which had acid solutions suspended in a 

gel matrix of organic, water-soluble resins, This, in itself, was signi- 
ficant since gels are basically alkaline, These gel etchants were cast 
into semi-rigid shapes and successfully removed metal when placed in 
contact with the work surface. In the small scale operation, the reaction 
products and reactants were observed to migrate countercurrently 
through the gel as desired. In addition to the gel system development, 
there was a preliminary investigation of rigid, porous solid materials 
for delivery of liquid etchants and removal of reaction products, 


As reported in the second Interim Technical Progress Report, ASD TR 
7-648 (II), published in July, 1962, continued development improved 

the physical, chemical and mechanical properties of the gel systems. 
Gels were accurately cast with smooth surfaces and variable shear 
strengths for rough and finish etching. Reactants and reaction products 
diffused sufficiently through the gel to permit replenishment by adding 
fresh acid. Initial attempts to etch steel plate stock were only partially 
successful, Subsequent improvements are noted in this report. Chemical 
milling of stainless steel honeycomb with gel etchants showed considerable 
promise, Flat cuts and contoured cavities were etched with good dimen- 
sional control and with significant improvement in etch rate and surface 
quality. Other laboratory tests indicated that porous solids could be used 
as a contour matrix and carrier for liquid etchants, but that dimensional 
control and surface finish would require considerable improvement. 


Work has continued during the past six month period with special em- 
phasis on improving gel formulations and properties, and ona study of 
the effectiveness of electrical energy in improving the performance of 
both liquid and gel etchants. The present report covers the progress of 
this work to date, 


The objective of this research is defined in detail by the first interim 
report, Although the approach is subject to modifications, as may be 
indicated by cumulative results, no change is contemplated in the ulti- 
mate objective, Briefly, the objective is to develop semi-solid etchants 
which can be cast or molded to a desired shape, or rolled to a desired 
thickness, and be capable of removing metal from alloy steels and re- 
fractory metals at economical rates and with dimensional tolerance and 
surface finish equal to, or better than that attainable by conventional 
liguid chemical milling. 
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SECTION I 
DISCUSSION 


THE GEL SYSTEMS 


The effort previously reported in Interf{m Technical Progress Reports 
determined that acid etchants could be satisfactorily gelled and that 
the gels could etch steel plate stock and honeycomb core materials, 

It was also determined that etching of plate stock was severely 
limited by the amount of chemical energy available in the gel mass, 
by gas entrapment at the gel-workpiece interface, and by difficulty 

of removing reaction products in greater volumes than had been 
attempted in the initial experiments. Honeycomb core materials were 
similarly affected, but to a much lesser degree, 


The principal effort during this reporting period was devoted to 
supplementing chemical energy with electrical energy. (Subsections 

B. through D. treat this area in detail.) However, continued develop- 
ment effort was directed toward basic problems of the two most feasible 
gels, These are acid gels employing cellulose acetate and carboxy- 
methylcellulose as gelling agents. At this stage of the laboratory work, 
it was considered better to explore in detail the characteristics of one 
particular gel which appeared to have the most desirable properties 
instead of a more superficial study of a number of gels. Consequently, 
most of the work during this period was done with cellulose acetate gels. 
Although these require a longer gelation period (2-3 days) than the 
carboxymethylcellulose gels (15-20 minutes) due to gradual hydrolysis, 
the resulting gels were found to be more firm, less elastic, and to 

have good storage properties over a reasonable period of time. 


Stratification became apparent in both gels, but the significance of this 
phenomenon has not been conclusively determined, Shortly after cellu- 
lose acetate was dispersed through the hydrochloric-nitric acid mixture, 
a visible horizontal separation was noted as gelation commenced simul- 
taneously from the top and bottom of the vessel. (Experiment H-1*). 

In several cases, this resulted in diminishing liquid strata with en- 
trapped gas bubbles (H-3). Figure 1 illustrates this separation approxi- 
mately 60 minutes after blending the cellulose acetate and mixed acids. 
The upper 56% of the beaker and the lower 4% are already filled with 
the white gel, while a darker intermediate layer remains liquid with 
suspended gas bubbles. In some cases, gelation was incomplete with 
slight liquid strata remaining. In other cases, gelation was complete, 
but the resulting gels lacked uniformity. 


In subsequent etching tests with plate stock, the migration or diffusion 
of reaction products appeared to be inhibited in the region where the 
liquid layer occurred during the gelation pe riod. 


* Reference to experimental notes, Appendix D. 
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Figure 1 - Separation of cellulose acetate one hour after mixing in 
etching solution. Gelation begins from the top and 
bottom and continues until the two layers meet. 
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Discussion - continued 


Attempts to reduce or prevent stratification by the addition of Polyox 
(polyethyleneoxide resin) or fluorocarbon latex (H-4, L-28) adversely 
affected the structural integrity of the gel. However, heating the mix- 
ture to the range of 110°-150°F, resulted in a uniform, but less firm 
gel (H-5, H-6), Hydrochloric acid gels (without nitric acid) exhibited 
the same stratification (H-76, M-18). This was attributed in part to 
a wetting problem when the cellulose acetate powder was added to the 
liquid acid, Addition of a surfactant reduced the gas entrapment but 
caused a loss of firmness which made the gel unsatisfactory for sub- 
sequent etching. Addition of dibutyl phthalate increased viscosity of 
the liquid mixture, but a less firm gel resulted. The stratification, 
however, was overcome, The phenomenon was not detected in prior 
experiments since smaller gel specimens were prepared in shallow, 
non-transparent molds, 


Syneresis, or the exuding of small amounts of liquid from the gel, is 
followed by shrinkage and warping. This was previously reported for 
Carbopol gels (C-24, C-26, C-30, C-32, C-35, C-45) and for various 
carboxymethylcellulose gels (L-3, L-5, L-7, L-9, L-14). However, 
in the cellulose acetate gels, syneresis was insignificant, presumably 
because of the smaller specimens, 


During the reporting period just completed, the problems became more 
apparent as specimen size increased, For example, a gel of 432 grams 
cellulose acetate and 1,440 cc. acid solution aged in closed containers 
as follows (H-31): 


Gel Acid Strength Days Aged* Liquid Exuded** Shrinkage** 


(a) Strong Acid 
6N H*, 2M NO3 


4 days 145 cc. We" in 12" 
8 days 15 cc. ee 

12 days oe eae 

(b) Weak Acid 
3N Ht, 2M NO3 

4 days 280 cc. 7/8" in 12" 
8 days 140 cc, eee 

12 days 40 cc. “ce 


* Cumulative 
«%* Incremental 


The comparative effects of aging in open and closed containers were 
determined for 18-inch lengths of gel formulation (a) above(H-32). The 
uncovered gel warped and cracked in two days, and after six days had 
separated in several places. Total shrinkage was 1/2" in 18", The 
covered gel did not warp or crack even after fourteen days, but total 
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Discussion - continued 


shrinkage was 3/4'' in 18", 


Syneresis, occuring in fresh gels, is detrimental to the etching process, 
Cuts are uneven and surface finish is inferior, A number of different 
ways of eliminating or reducing this phenomenon were tried with little 
success. Heating the cellulose acetate and acid mixture to 110°-150°F, 
before gelation produced more uniform gels, but still with appreciable 
syneresis and a loss of firmness (H-5), Cooling to 60°F. had little 
effect other than to increase gelation time (H-26). Cooling to 38°F, re- 
duced syneresis by only a small amount (H-12). The addition of small 
amounts of inhibitors such as ethylenediamine tetraacetic acid (H-25) 
or small amounts of salts (H-54) had no appreciable effect. The use of 
other acids, such as HF (M-36, M-39),, and the substitution of potassi- 
um dichromate for nitric acid (L-38) were similarly ineffective, and 
in some cases failed to gel. 


Until syneresis can be prevented, gels must be aged in closed con- 
tainers for best etch results, The syneresis decreases substantially 
after a few days aging and after four to ten days, depending on the acid 
strength, is essentially complete. It is further advantageous to wipe 
any remaining liquid acid from the gel surface prior to etching, 


In formulating cellulose acetate gels, it was found that the variation in 
the chemical nature of the raw material demands a single source of 
supply in order to achieve consistent results at this stage of the labora- 
tory work, In all but one experiment, Eastman E 394-30 grade of cellu- 
lose acetate was used. To date, no significant differences have been 
noticed in different lots of this material, With a duPont product (H-9), 
there was a smaller range of formulation which would produce good 
gels. Generally, these gels were not as firm and syneresis was more 
pronounced, Presumably, there will be greater latitude of formulation 
with continued development of gel systems, 


Although most work during this period was with the cellulose acetate 
(CA) gels, there was some work with carboxymethylcellulose (CMC) 
gels formulated with different liquid etchants. CMC gels were pre- 
pared with the following liquid systems: HC1 (M-72, L-30); HF-HNO3 
(M-74); HNO3-NH4F -HF (L-29); Fe(NH4) 2(SO4)2-H2SO4 (L-31); 
NiSO4-NiC12-H,BO3(M-77); HF -NiCl2-Na2SO4(M-90); HC1-HNO3- 
H3P04-FeCl3(M-62). Varying degrees of syneresis were observed 
in all of the above gels. 


It should be noted that both CA and CMC are able to gel a wide variety 
of liquid etchants of various acids and salts, individually or mixed. 
This permits many preliminary experiments to be conducted on liquid 
etchants prior to gelling them. 
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Discussion - continued 


ELECTROLYTIC CHEMICAL ETCHING 


It was recommended in the last Interim Report that methods of in- 
creasing the effectiveness of semi-solid etchants by supplementing 
chemical energy with electrical energy be investigated, and that 
methods be sought for eliminating gas evolution at the workpiece. 


A considerable part of the activity during this period was devoted 
to the study of the effect of passing a direct current through the 
semi-solid etchants with the workpiece being the anode, 


In previous work involving metal removal with chemical energy 
alone, the driving force was the decrease in free energy which takes 
place when free metal changes to the metallic ion, But the evolution 
of gas at the metal-gel interface increases the resistance to this 
process, lonic diffusion through the semi-solid etchant is causcd by 
an ion concentration gradient progressing through the gel mass. 
Application of an electromotive force across the anodic workpiece 
and the semi-solid etchant should increase the rate of metal removal 
by adding extra electrode potential (increasing the driving force) and 
by decreasing the resistance through elimination of gas evolution at 
the workpiece, 


It was found that the use of direct current through the system increased 
the etch rate and reduced or eliminated the gassing (L-30, M-1, H-8, 
H.20). However, the effect of the direct current on the rate of diffu- 
sion of reaction products through the gel has not been conclusively 
determined, Positive determination depends on a more abstract study 
of mass diffusion through gels and the effects of various EMF applica- 
tions, 


Electrolytic etch studies were made on different gels, rigid porous 
solid systems, and on liquid etchant systems, The study of factors 
affecting the depth and surface finish of the etch included etchant 
composition, voltage and current density. Current densities and volt- 
ages used were in the order of 0.6 amp, per square inch and 3 volts. 
Current efficiency up to 75% was obtained (L-36). 


Gel composition and thickness also received attention (M-3, M-6 
through M-10), For example, Figure 2 shows the electrical resistance 
of the cell to be directly proportional to gel thickness. But it was 
separately determined (M-90, M-96) that an increase from !2"' to 1" 
thickness of gel did not result in a commensurate increase of etch 
depth, An increased amount of CMC gelling agent resulted in lower 
etch rates (M-69). Similarly, it was found that a decrease in pore size 
of a rigid, porous carrier matrix resulted in lower etch rates (M-117). 


It was found that soon after application of the voltage the current would 
decrease with an accompanying reduction in etch rate (L-31, M-12, 
M-90, M-102, and Figure 3). The current reduction was due in many 


EXPERIMENT M.7 


1 2 3 4 5 


Inches Between Electrodes 


Figure 2 - Dependence of initial ohmic cell resistance 
on the thickness of gel separating the 
electrodes, at 5 volts potential. 
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EXPERIMENT M-90 


1,3 


1,2 Run No. 1 
Efficiency = 104% 


1,1 
1,0 
0.9 
0.8 


0.7 
0.6 


0.4 


Run No. 2 
0.3 Efficiency = 94% 


Amperes 
0.2 


0,1 


Run No. 3 
Efficiency = 81% 


0 30 60 90 120 150 180 


Figure 4 - Effect of initial current and potential on the development 
of cell polarization for carboxymethylcellulose gel, 
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Discussion - continued 


cases to polarization caused by a black insoluble deposit formed on 
the anodic workpiece (Figure 4). Spectrographic analysis of the 
deposit revealed that the elemental complexes were heavily overlaid 
with titanium and were insoluble in the HCI-HNO3 acid system, In 
some cases, where no film was formed, polarization was apparently 
due to increasing concentration of soluble salts near the anode (M-90). 
This emphasizes the importance of removing reaction products from 
the vicinity of the anode. 


Attempts to prevent polarization and current drop included inter- 
mittent use of direct current, imposition of an alternating current on 
the direct current, ultrasonic vibration and low frequency vibration 
(M-13, M-72 through M-75, M-92, M-122 and Figure 5). All of these 
approaches were unsuccessful. 


Removal of reaction products by replenishing the liquid etchant during 
the etching process was also investigated. In one technique, the cutting 
tool (i.e., the gel or the rigid porous solid) was partially submerged 
in a reservoir of liquid etchant. There was considerable improvement 
in removal of reaction products from a gel (L-33, L-37) and from 
rigid porous solids (M-102, M-104), but a steady-state process was 
not attained, There was still a gradual congestion of reaction products 
accompanied by polarization. In a second technique, liquid etchant was 
forced under a small positive head to flow through the cutting tool, The 
reaction products were removed at various predetermined rates, but 
control of line definition and surface smoothness was lost (H-80, M-125 
through M-.128). 


Work is proceeding on a study of regenerative systems in which metal 
dissolves at the anode and deposits on the cathode with little or no 
change in the composition of the liquid etchant or electrolyte, Initial 
experiments were conducted with conventional plating solutions although 
it is recognized that plating primarily involves depositing metal at the 
cathode, while this effort is primarily concerned with removing metal 
from the anode, Some preliminary experiments (L-31, L-32, M-75, 
M-76, M-80) did not result in steady-state processes (i.e., were not 
regenerative), but work is continuing in this area. 


ETCHING PLATE STOCK WITH ELECTROCHEMICAL GELS 


The previously reported work on etching stainless steel plate stock 
(Types 302 and 321) with chemical gels resulted in low etch rates and 
comparatively poor surface finishes. These faults were due to the 
problems of gassing, build-up of solid reaction products at the gel- 
workpiece interface and limitations of the chemical energy which could 
be contained within the gel etchant. The use of elevated temperatures 
to increase etch rate and depth resulted in drying and degradation of 
the gels. The most successful technique was that of placing the metal 
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5(a) 1.3 volts DC 5(b) 1.3 volts DC 5(c) 1.3 volts DC 


0.43 volts AC, 60 cps 0.7 volts AC, 60 cps 1,0 volts AC, 60 cps 
AST Input : 110 volt, 60 cycle variable transformer 
Rectifier : 12 volt, 35 amp, selenium 


Capacitor : 1,720 mfd 


Capacitor 
oscilloscope 
AC 
Input 


Circuit diagram for combined AC-DC experiment 


Rectified 
AC Input 


Figure 5 - Typical wave forms produced by combining a rectified 
AC potential with an unrectified AC potential. The 
rectified wave form is shown with and without the 
added AC potential, Suitable combinations cause 
a reversal of the current 60 times each second, 
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Discussion - continued 


plate on top of the gel which was partially immersed ina reservoir 
of liquid etchant, Under these conditions at 130°F, temperature, 

4 to 6 mils of metal were removed in 120 minutes leaving a fairly 
smooth etched surface with reasonable line definition (L-26). Longer 
etch time resulted in only slight increases in metal removal. 


During this work period, it was found that passing a small direct 
current (about 0,25 amp./square inch at 2,3 volts) through the gel 
increased the etch rate to 4-5 mils in 100 minutes (L-35), despite 
the fact that this experiment was made with acid etchant of half the 
strength of that in L-26, and at a temperature of 70°F, instead of 
130°F, 


Excessively high current density ( in this case, greater than 0.40 
amp,/square inch) tended to make the gel crack and lose liquid(M-1, 
M.2, M-3, L-34, L-50, H-71). Lower current density (about 

0.05 amp./square inch) merely prolonged the etch time and served no 
particular advantage (M-41), 


Although polarization due to gassing at the workpiece was eliminated, 
as previously discussed in subsection B., the accumulation of either 
soluble or insoluble desposits at the anodic workpiece caused a de- 
crease in current flow and etch rate (M-27, M-35, H-67). Acid con- 
agers had no effect on polarization caused by these deposits (L-34, 
L.41), 


The etching performance of gels containing only HC] compares with 
those containing HC1-HNO3 mixtures as follows (L-34, L-42, L-45, 
M-11, M-15): Gels containing no nitrate ion appear to have greater 
resistance to deterioration and produce a good etch with extremely 
bright and smooth surfaces, but they develop a sludge at the gel- 
workpiece interface which acts as a barrier to diffusion of reaction 
products through the gel. The presence of the nitrate ion produces a 
dull surface on the etched metal, but apparently alters the anodic 
products to a more soluble and more diffusible state, Migration of 
reaction products through the gel proceeds at a very slow rate as 
indicated by a color change in the gel. A green coloration, due to 
chrome and nickel, occurs readily on the surface of the gel soonafter 
contact with the metal workpiece, The progression of the color, in- 
dicating migration of reaction products, continues through the gel 
very slowly. Even after the chemical energy is expended in etching, 
the migration continues until the entire thickness of the gel is colored, 


The most successful removal of reaction products was accomplished 
by replenishing the liquid etchant during the etching process. Partially 
submerging the gel in a reservoir of liquid etchant was previously 
noted, Small grooves, or drain channels, cut in the sides and face of 
of the gel contributed to the increased etch rate but resulted in uneven 
metal surfaces and some loss of line definition (L-50). 
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1. 


D, 


Discussion - continued 


Another method investigated was to replace the gel after a period of 
time. By using the electrochemical etch combined with liquid acid 
replenishment and periodic changes of gel, deep cuts in plate stock 
(up to 70 mils deep) were achieved with fairly good line definition 
and surface finish (L-50, L-51, H-61, H-66, H-67, H-74, H-75), 
Figure 6 illustrates one cut of approximately 67 mils depth which 
was attained in 121 hours using six gel changes, 


A limited amount of work was done with titanium alloys (L-29) and 
Inconel-X (H-51, M-90, M-97) but it is insufficient to evaluate at 
this time. 


Figure 6. Deep cut in type-321 stainless steel plate. 
Sample was inverted over shaped gel surrounded 
by a reservoir of Liquid Electrolyte (Expt, L-37). 


ETCHING HONEYCOMB CORE WITH ELECTROCHEMICAL GELS 


During this reporting period, significant progress was made in shaping 
honeycomb core materials, particularly in the increased etch rate and 
in the definition and quality of cuts. As previously reported, the ''yress 
in'' application was rejected in favor of the ''walk in'' technique using 
two stages of etching at ambient temperature. The first stage was a 
rough cut of about 1/2-inch depth attained in 24 hours, made with a gel 
of low shear strength. The second stage was a finishing cut of less than 
1/16-inch in 24 hours, made with a gel of high shear strength, This 
technique was quite successful as demonstrated by the accurate repro- 
duction of a ll inch diameter spheroidal surface to which the gel had 
been cast. 
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Discussion - continued 


In the present period, there was significant progress, particularly in 
reducing the etch time from many hours toa matter of minutes by the 
application of a direct current to supplement the acidic gel, The pro- 
cess was also reduced to a single stage operation and control of shrink- 
age and warping was improved for larger gel specimens, Etching larger 
sizes of stainless steel honeycomb (17-7 PH and PH 15-7 Mo) demon- 
strated the feasibility of this process and revealed some problems 
which were not totally unexpected, 


For making ''walk in'' cuts, it was necessary to devise apparatus to 
position the honeycomb over the gel and to control the rate of penetra- 
tion, Figure 7 shows the experimental equipment used to make flat 
cuts (i, e., overall reduction of core thickness), single and double step 
cuts simulating edge member recesses, and wedge cuts (Figure 8 and 
9). Cut sizes ranged from 4 square inches to 81 square inches. 


Table I summarizes the more important aspects of this portion of the 
work. In general, the metal surface finishes were good. In those cases 
where the gel warped, the depth of etch was uneven but the surfaces of 
the individual cell walls were flat and good. A comparison of experi- 
ments listed in Table 1 shows that the application of direct current 
increases the etch rate by 10 to 25 times that attainable by straight 
chemical action (H-39 vs. H-46, H-48), and that the etch rate varies 
directly with the amount of current (H-40, H-42, H-46, H-48). This 
effect is much more pronounced with honeycomb than with solid plate 
stock because of the much greater ratio of interfacial surface area per 
unit weight of the metal. There is a proportionately greater cross- 
sectional area of gel in contact with the metal which enables reaction 
products to diffuse more readily, 


Evaporation loss of acid volatiles warped the larger gel specimens and 
resulted in uneven depth of etch until the gel and honeycomb were com- 
pletely submerged in a dielectric liquid (kerosene) during the electro- 
chemical etching process (H-95). The liquid environment (1) prevents 
evaporation and consequent warping of the gel during the process, 

(2) prevents attack by acid vapor on the exposed walls of the honey- 
comb cells, (3) provides a heat exchange medium to control tempera- 
ture, and (4) facilitates removal of reaction products which disperse 
more freely and ultimately settle to the bottom of the containing vessel. 
Figure 10 illustrates the experimental setup and Figure 11 shows the 
excellent finish obtained in an overall reduction of thickness of a 

16 square inch core specimen. 


One test conducted with AM 350 stainless steel honeycomb with 4 mil 
wall thickness indicates that changes may be required in current den- 
sity and/or gel composition before a flat, uniform cut can be made in 
this alloy (H-90). 
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Yigure 7 ~ Apparatus used to position honeycomb specimens for 
chemically milling with gels. The wedge-shaped gel on 


the platform was used to produce the tapered specimen 
shown in Figure 9. 
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gel (Expt. H-11). Compare the finish with that obtained 


when electrochemical milling is used (Figure 11). 


Figure 8 - Diagonal step cut produced by chemical action of the 


-7 PH stainless steel honeycomb core, 


Figure 9 - Wedge cut on 17 
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Figure 10 - 


Electrolytic cell with cellulose acetate gel electrolyte 
between honeycomb electrodes. Dielectric liquid 
environment prevents evaporation losses from the gel. 


V2 


Discussion - continued 


Figure 11 Smooth finish and uniform depth of cut produced on 
honeycomb with the apparatus shown in Figure 10. 
The thickness of the entire sample has been 
reduced by .050 inches (Expt. H-95). 


RIGID, POROUS SOLID SYSTEMS 


The previously reported work on configured solids of porous materials 
for liquid etchant delivery revealed some difficult problems, Dimen- 
sional control and surface finish of the etched specimens were unsatis- 
factory. 


During the present period, an EMF was applied across the porous solid 
system with th: metal workpiece as the anode. The general results ob- 
tained have be :n summarized in subsection B, of this report. An 
accumulation >f reaction products between the metal and porous solid 
causes polarization which seriously retards the etching process, These 
reaction products tend to obstruct the porous solids as they do the gels. 
Similar attempts were made to remove them (e.g., mechanical vibra- 
tion, small holes drilled in the porous solids and slight hydrostatic 
heads to induce flow), but these were not successful (M-118, M-119, 
M-121, M-125, M-126, M-127). It was found that an increase in pore 
size of the solid resulted in higher etch rates, but at the expense of 
dimensional control and surface finish, both of which were extremely 
poor (M-117). 
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I. Discussion - continued 


The etching characteristics of the rigid porous solids were compared 
with those of a cellulose acetate gel using the same liquid etchant sys- 
tem. In all cases it was found that while the gel system does not 
remove metal as fast as the rigid porous solid system, the etched sur- 
faces obtained with the gel systems are far superior in definition and 
finish (M-98, M-99, M-101, M-103, M-104, M-105), 


F, UQUID ETCHANT REACTIONS 


Considerable work was done with liquid etchants in order to conduct a 
more abstract study of the reactions and to develop satisfactory etch- 
ants before attempting to form gel etchant systems. 


Polarization occurred in many of the liquid etchant studies with im- 
posed electrical currents. In cases where the reaction products were 
soluble, polarization was minimized by proper orientation of the 
anode so that reaction products were removed by natural convection 
through the etchant-electrolyte. 
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SECTION I 
CONCLUSIONS 


THE GEL SYSTEMS 


Carboxymethylcellulose and cellulose acetate are the two most 
feasible gelling agents for acid etchants, Due to gradual hydrolysis, 
cellulose acetate requires greater gelation time, but it results in 

a firmer gel. 


The temporary separation of gel and acid during the gelation pro- 
cess can be largely prevented by addition of surfactants and other 
agents, but with some sacrifice in gel consistency. The diffusion 
of reaction products through the gel is retarded in the region where 
liquid separation occurred in the gelation process, Further study 
is required to verify the apparent correlation and to eliminate the 
problem. 


Syneresis is a problem inherent in freshly made acid gels, The 
result is a 10-15% loss of acid within a period of several days 
after gelation is complete. It is accompanied by severe shrinkage 
and warping. The process is essentially complete after an aging 
period of 4 to 10 days. Shrinkage and warping can be minimized 
by aging the gels in closed containers, 


Liquid acid exuded during the etching process causes an uneven 
cut, Until syneresis can be controlled or eliminated, gel aging is 
required, Because of shrinkage, cuts are presently limited to flat 
or straight configurations. In order to make profiled step cuts, or 
to etch large contours or cavities, gel shrinkage must be consistent- 
ly predictable. It must also be minimized so that shrinkage which 
occurs while etching is within dimensional tolerance. 


ELECTROLYTIC CHEMICAL ETCHING 


Applying a direct current to the chemical etching system increases 
the rate of etch and largely prevents the accumulation of gaseous 
reaction products. 


Electrical resistance of the cell is directly proportional to the 
thickness of the gel etchant, but depth of etch is not. 


Soon after the current is applied, cell resistance increases due to 
polarization and the etch rate is sharply decreased. Polarization 
usually occurs .s a deposit of insoluble reaction products at the 
anodic workpiece, But in some cases, this is attributable to soluble 
salts which leave no visible film. 
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Conclusions - continued 


Intermittent application of direct current, superimposed alter- 
nating current, and applied vibration through the ultrasonic 
frequency range are unable to prevent polarization. 


Replenishing the gel etchant by positive flow or partial immer- 
sion in Hquid etchant improves removal of reaction products, 
but a steady state process is not presently attainable. 


There is promise in regenerative systems in which metal dissolves 
from the anodic workpiece and deposits on the cathode with little 
or no change in the composition of the liquid etchant electrolyte, 


Removal of solid reaction products continues to be a problem. It 
will require further study of mass diffusion through gels and the 
effects of various EMF applications. Some benefit may be derived 
from the replenishment technique or the regenerative technique, 
but the results to date are inconclusive, 


ETCHING PLATE STOCK WITH ELECTROCHEMICAL GELS 


Passing a small direct current through the gel etchant improves 
the etch rate slightly. The greater advantage is the ability to etch 
at ambient temperature with less acid strength, and the elimina- 
tion of gaseous reaction products. The result is a smoother finish 
with better line definition. 


Insoluble deposits still accumulate at the anodic workpiece, Acid 
concentration has no effect on this type of polarization. Excessively 
high current density cracks the gel, causing a loss of liquid etchant. 
Low current density merely prolongs the etch time, 


Gel etchants without nitrate ions have greater resistance to deterior- 
ation, In the electrochemical process they produce a bright and 
smooth surface on steel plate stock, But penetration is quite limited 
due to accumulation of solid reaction products at the interface. The 
presence of the nitrate ion produces a dull etched surface but alters 
the reaction products to a more soluble and diffusible state, 


The application of electrochemical energy, if supplemented with 
etchant replenishment by the partial immersion of the gel, and 
periodic changes of gel to avoid accumulation of reaction products, 
will etch up to 70 mils depth with good line definition and surface 
finish. The initial gel applications produce a rough finish, but the 
final applications improve the surface to approximately 125 RMS, 
The rate of etch is still extremely low. 
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Conclusions - continued 


ETCHING HONEYCOMB CORE WITH ELECTROCHEMICAL GELS 


Application of direct current to the gel increases the etch rate on 
steel honeycomb core by 10 to 25 times the rate of straight chemi- 
cal action. This compares favorably with the rate of conventional 
liquid chemical milling for the same material. Further, the etch 
can be accomplished ina single stage rather than roughing and 
finishing with gels of low and high shear strength. 


The etch rate on honeycomb varies directly with the amount of 
current applied, The greater effect on honeycomb is due to the 
higher ratio of interfacial surface area per unit weight of metal. 


Uneven depth of etch, due to evaporation of acid volatiles and sub- 
sequent gel warpage, can be prevented by submerging the gel 
etchant and workpiece in a dielectric liquid. The liquid environ- 
ment further prevents acid vapor attack on cell walls not {mbedded 
in the gel, provides a heat exchange medium to prevent deteriora- 
tion of the gel, and facilitates dispersal of reaction products, 


The foregoing conclusions apply only to 17-7 PH and PH15-7 Mo 
core materials. Test results for AM 350 are inconclusive. 


RIGID, POROUS SOLID SYSTEMS 


The conditions necessary to etch with the porous solid delivery 
systems at reasonable rates and without obstruction by reaction 
products also cause an unacceptable loss of dimensional control 
and surface quality, 


Although metal removal is faster with the porous solid system, 

the definition and surface finish attainable with gel systems are 
far superior. The concept of liquid etchant delivery through a por- 
ous solid matrix-carrier is now considered infeasible, 
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SECTION Ill 


RECOMMENDATIONS 


Significant improvement in the quality and rate of honeycomb etching 
should be fully exploited by further development. Although the present 
system depends on a dielectric liquid environment, the possibility of 
developing other means of preventing gel shrinkage and warping should 
not be dismissed, Covering the gel with a thin protective coating of low 
shear strength may prevent syneresis as well as warpage. If successful, 
such protective coating would better serve the project objective of an 
essentially dry process requiring a minimum of apparatus or facilities, 
It is further advisable to conduct mechanical property tests on brazed 
panel specimens made with honeycomb cores cut by this method, It is 
now reasonable to believe that this laboratory process could be developed 
into a production method which would result in substantial cost savings 
for shaping steel honeycomb core. Therefore, it is strongly recommended 
that the project effort be continued and intensified on this portion of the 
work, 


With respect to etching plate stock, the improvements noted in definition 
and surface finish are encouraging, but the rate of etch 1s still unsatis- 
factory, This is attributed to problems in removal of reaction products; 
problems which can be solved only by concentrating further study on mass 
diffusion through gels with and without supplemental energy. Such study 
is recommended at this time. 


Due to the unsatisfactory results of liquid etchant delivery through rigid 
porous solids, the complexity of apparatus, and the lack of indications of 
improvement, it is recommended that pursuit of this concept be terminated. 


The success of the electrochemical etching process and the advantages 
which accrue to both honeycomb and plate stock application warrant fur- 
ther development to prevent or reduce the polarization problem and 
particularly to determine optimum conditions of applied EMF and current 
density, 


The most promising gel-acid formulations have now been determined on 

a largely qualitative basis, It is recommended that this portion of the effort 
be continued with emphasis on quantitative study to determine optimum 
formulations, 
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SECTION IV 


PROGRAM FOR THE NEXT PERIOD 


Additional work is planned on the gel systems primarily to determine 
optimum acid concentration for greatest etch rate with least syneresis, 


The electrochemical etch process will be pursued further by deter- 
mining optimum voltage and current density, by attempting to eliminate 
the polarization problem, and by continued development of the noted re- 
generative or de-plating technique for plate stock. 


The study of mass diffusion through gels and the effects of supplemental 
energy in the diffusion process will be intensified in an effort to achieve 
reasonable rate and depth of etch on plate stock. 


Specimens of steel honeycomb core will be cut to precise thickness by 
electrochemical etching. These will be used in brazed panels which.will 
be subjected to preliminary testing of mechanical properties, A thin, 
low-shear gel coating, possibly parafin, will be developed and tested for 
ability to prevent syneresis, shrinking and warping. However, the work 
with dielectric Hquids will continue. 


Finally, the total project effort will be evaluated and presented in a final 


report, together with recommendations regarding future development 
and achieving the status of a production method. 
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TABULATION OF SPECIFIC EXPERIMENTS 


Note: Experiment numbers and 
page numbers are continued 
from previous interim report 
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